Purpose: Epiretinal membranes (ERM) are macular disorders leading to loss of vision and metamorphopsia. Vitrectomy with membrane peeling displays the gold standard of care. Aim of this study was to assess risk factors for postoperative intraretinal cystoid changes in a study population randomized for balanced salt solution and air-tamponade at the end of surgery. Methods: A prospective randomized study, including 69 eyes with idiopathic ERM. Standard 23-gauge three-port pars plana vitrectomy with membrane peeling, using intraoperative optical coherence tomography (OCT), was performed. Randomization for BSS and air-tamponade was performed prior to surgery. Results: Best-corrected visual acuity improved from 32.9 letters to 45.1 letters 3 months after surgery. Presence of preoperative intraretinal cystoid changes was found to be the only risk factor for presence of postoperative intraretinal cystoid changes 3 months after surgery (p = 0.01; odds ratio: 8.0). Other possible risk factors such as combined phacoemulsification with 23G-ppv and membrane peeling (p = 0.16; odds ratio: 2.4), intraoperative subfoveal hyporeflective zones (p = 0.23; odds ratio: 2.6), age over 70 years (p = 0.29; odds ratio: 0.5) and air-tamponade (p = 0.59; odds ratio: 1.5) were not found to be significant. Conclusion: There is strong evidence that preoperative intraretinal cystoid changes lead to smaller benefit from surgery.
Introduction
Epiretinal membranes (ERM) lead to metamorphopsia and consecutive loss of vision. In case of inner segment/ outer segment junction disorders, a correlation with poor visual recovery after surgery has been shown (Mitamura et al. 2009; Oster et al. 2010; Shimozono et al. 2012) . Vitrectomy with membrane peeling is the gold standard for removing ERM and improving vision and metamorphopsia since 1978 (Machemer 1978) . Surgical technique has improved, and small incision techniques have become the standard. During the last decade, optical coherence tomography (OCT) became the leading diagnostic tool for macular diseases. Pre-and postoperative imaging of retinal diseases enables detailed information of the microstructures in the macula and facilitates planning of the surgical procedure. Use of microscope-integrated intraoperative spectral-domain OCT (miSD-OCT) is a new trend in macular surgery (Tao et al. 2010; Binder et al. 2011; Ehlers et al. 2011 Ehlers et al. , 2014 Ehlers et al. , 2015 Hahn et al. 2013a,b) , being helpful in the intraoperative decision of effectiveness of the performed peeling procedure and presence of retinal pathologies, such as intraoperative subfoveal hyporeflective zones (Ray et al. 2011; Pichi et al. 2012; Leisser et al. 2016) .
After successful vitrectomy and membrane peeling, two options have become standard in treatment: leaving balanced salt solution (BSS) in the vitreous cavity or performing fluid-air exchange and leaving air-tamponade in the vitreous cavity. Leitritz et al. (Leitritz et al. 2014) found better values for the postoperative foveal contour in their air group, compared to BSS, with comparable results for postoperative visual acuity (VA) in both groups and therefore offering a rationale for use of air-tamponade. Aim of our study was to examine risk factors for postoperative intraretinal cystoid changes after membrane peeling for idiopathic ERM among patients randomized for BSS or airtamponade.
Materials and Methods
This randomized controlled monocenter study included patients scheduled for pars plana vitrectomy with membrane peeling due to idiopathic ERM with or without a lamellar hole of the macula at the ophthalmic department of the Hanusch Hospital in Vienna, Austria. Inclusion criteria were (i) an age above 21 years, (ii) presence of an idiopathic epiretinal membrane with or without a lamellar macular hole, (iii) indication for membrane peeling (defined as significant loss of vision and metamorphopsia due to the ERM) and (iv) written informed consent to participate in the study. Patients with macular oedema due to other reasons than ERM (such as CNV, diabetic macular oedema, . . .) were excluded from the study. All research and measurements followed the tenets of The Declaration of Helsinki and were approved by the local ethics committee of the city of Vienna. Clinical trials registration: NCT02319655. Written informed consent was obtained from all patients in the study.
After inclusion of patients in the study, randomization by minimization (Saghaei & Saghaei 2011 ) was performed. To allocate patients to the air or BSS group (1:1), minimization criteria were preoperative mean retinal thickness (group A: <400 lm, group B: 400-500 lm and group C: >500 lm) and presence of intraretinal cystoid changes (yes/no).
Surgery was performed in a standardized fashion, with 23-gauge threeport pars plana vitrectomy (23G-ppv) and membrane peeling. Three experienced vitreoretinal-surgeons participated in the study (O.F, C.L., K.R.). To visualize the ERM and ILM, chromovitrectomy with a trypan blue and brilliant blue G-based dye (Membrane Blue-Dual, DORC, Netherlands) was performed. The ERM and ILM were peeled using an endgripping forceps, if needed a tano-scraper or a micropic were used to open the membranes, typically temporal to the macula. A continuous intraoperative miSD-OCT video (ReScan 700, Carl Zeiss Meditec AG, Germany) was obtained at two different time-points (at the beginning of surgery and during the peeling procedure). In case of air-tamponade at the end of surgery, patients performed facedown positioning for 24 hr. All patients received nonsteroidal anti-inflammatory eye drops and steroidal eye drops during the first month after surgery. Directly before surgery, 2 days and 3 months after surgery, macular-OCT scans were performed with the same SD-OCT device (Cirrus-OCT, Carl Zeiss Meditec AG, Germany), as used for intraoperative measurements.
In case of a coexisting cataract, combined phacoemulsification with implantation of an intraocular lens and 23G-ppv with membrane peeling was performed.
Intraretinal cystoid changes of the macula were diagnosed by OCT independent of size and were defined as presence of cystoid spaces in the retina. Changes in retinal thickness in lm were assessed by OCT using the central subfield thickness of the macular thickness analysis with a diameter of 1 mm including the fovea.
Best-corrected distance visual acuity was obtained preoperatively and 3 months after surgery using EDTRS charts (Precision Vision, USA) at a distance of 4 m.
For statistical analysis, MICROSOFT EXCEL 2011 for Mac (Microsoft, USA) with a Statplus:mac version 5.8.3.8 plug-in (AnalystSoft, USA) and a Xlstat 2012 plug-in (Addinsoft, USA) were used. For missing data, observations were excluded from analysis.
Results
Out of 84 patients recruited for the study, 69 eyes of 69 patients could be included in the analysis. Among the excluded 15 patients, 2 had to be excluded from analysis because of pronounced inflammation of the eye in the postoperative period (one was in the air group and the other in the BSS group), 10 missed the follow-up at 3 months and 2 patients decided to drop out of the study during the follow-up period. Mean age of the analysed subjects was 71 years (SD: 6.6; median: 72; range 52-84 years). Female to male distribution was 32: 37 and right eye to left eye distribution 40: 29.
In 39 eyes, air was used at the end of surgery and in 30 eyes BSS. In 26 eyes, surgery was combined with phacoemulsification and intraocular lens implantation, due to coexistence of cataract. The remaining 43 eyes received 23G-ppv with membrane peeling alone. Of these, 20 eyes were pseudophakic and 23 eyes phakic. Eyes that remained phakic did not have any indication for phacoemulsification.
Visual acuity
Mean preoperative best-corrected visual acuity (BCVA) (ETDRS letters) improved from 32.9 letters (SD: 12.8; median: 35, range: 4-57) to 45.1 letters (SD: 9.9; median: 46, range: 5-59) 3 months after surgery. This difference was found to be significantly different (p < 0.01). Of these, 56 (81.1%) eyes had an increase in VA of more than two letters, nine (13.0%) eyes had no change in VA (AE2 letters) and four (5.8%) eyes lost more than two letters. Eyes having undergone 23G-ppv and membrane peeling alone gained 11.8 letters in mean (SD: 11.7; median: 10; range: À7 to 53), whereas eyes having undergone combined phacoemulsification and 23G-ppv and membrane peeling gained 12.8 letters in mean (SD: 10.4; median: 14; range: À3 to 40). This difference was not significant (p = 0.844 -unpaired t-test for heteroscedastic sample).
Eyes receiving air gained 12.2 letters in mean (SD: 10.2; median: 11; range: À3 to 40) whereas eyes receiving BSS gained 12.2 in mean (SD: 12.4; median: 11; range: À7 to 53). Preoperative VA was in mean 34.6 EDTRS letters (SD: 12.1; median: 36.5; range: 5-57) in the BSS group and 31.7 ETDRS letters (SD: 13.4; median: 35; range: 4-53) in the air group. As numbers in the air versus BSS group were distributed unevenly, 15 of 11 (air/BSS) eyes had combined surgery, 11 of 12 (air/BSS) were phakic and 13 of 7 (air/BSS) were pseudophakic; we did not perform detailed statistical analysis concerning VA.
The presence of a lamellar macular hole was not found to be a relevant factor for the postoperative VA (p = 0.50, ANOVA), whereas preoperative intraretinal cystoid changes led to poorer postoperative outcomes in VA, compared to those without. ; odds ratio: 1.5), but it has also to be mentioned that the number of patients with preoperative intraretinal cystoid changes has been higher in the air group (n = 16 versus n = 11 in the BSS group). Three patients had new postoperative intraretinal cystoid changes in the air group compared to 2 patients in the BSS group.
Occurrence of intraoperative subfoveal hyporeflective zones could be analysed in 55 patients. In the remaining 14 patients, image quality did not allow adequate analysis in that question. Intraoperative subfoveal hyporeflective zones were found to be associated with a higher number of patients with postoperative intraretinal cystoid changes 3 months after surgery Central subfield thickness of the macular including the fovea preoperatively and 3 months postoperatively was 436 lm (SD: 87; range: 275-641 lm) and 355 lm (SD: 65; range: 187-492 lm), respectively (p Wilcoxon signed rank test < 0.01).
Discussion
No statistical significant differences were found between air and BSS concerning retinal morphology on OCT 3 months after surgery. To our knowledge, this is the first study comparing air versus BSS in 23G pars plana vitrectomy including an evaluation of potential prediction values.
Similar to our outcome that preoperative intraretinal cystoid changes is significantly associated with presence of postoperative intraretinal cystoid changes in a prospective study setting (odds ratio: 8.0, p = 0.01), Frisina et al. (2015) found preoperative intraretinal cysts being associated with persistent macular oedema following pars plana vitrectomy for idiopathic ERM in a large retrospective case series with 242 cases (odds ratio 3.89, 95%CI: 1.63-9.28, p = 0.0004). Cekic et al. (2011) found better outcome in VA among patients with preoperative BCVA of 0.5 Snellen or better and no cystoid macular oedema. Furthermore, similar to our result that all three patients in the pseudophakic subgroup that did not improve in VA after surgery had preoperative intraretinal cystoid changes (Table 1) , Cekic et al. (2011) stated that three of six patients that did not show any VA improvement after surgery had baseline cystoid macular oedema. We analysed VA results only in the Table 1 . Number of patients with and without preoperative intraretinal cystoid changes and influence on postoperative visual acuity for eyes that were pseudophakic before surgery (no improvement: no letters gained; improvement: at least 2 letters improvement).
No improvement in vision Improvement in vision Total
No preoperative intraretinal cystoid changes 0 9 9 Preop. Intraretinal cystoid changes 3 8 11 Total 3 17 20 Frisina et al. (2015) detected presence of new postoperative cystoid macular oedema in 10% of eyes after surgery. In our study population, we found new intraretinal cystoid changes in 5 cases (7.2%), with a trend for more risk of new intraretinal cystoid changes 3 months after surgery in patients with combined phacoemulsification and 23G-ppv with membrane peeling and in pseudophakic patients. Similar results were reported by Frisina et al. (2015) , stating combined cataract surgery with vitrectomy and membrane peeling having a tendency for more postoperative cystoid macular oedema, but being not statistically significant. In contrast to Frisina et al. (2015) , we found a trend for more postoperative intraretinal cystoid changes among patients being pseudophakic before 23G-ppv with membrane peeling. Mylonas et al. (2013) found evidence that patients with previous pars plana vitrectomy with membrane and ILM peeling often develop macular oedema after cataract surgery compared to patients without previous macular surgery. Concluding, there seems to be evidence that cataract surgery increases the risk for postoperative intraretinal cystoid changes and intraretinal oedema in cases with macular surgery.
Nevertheless, 23G-ppv with membrane peeling may be regarded as the 'gold standard' in therapy for patients with idiopathic ERM, as improvements of VA after surgery through membrane peeling also improve the subjective visual disturbance of patients (Miliatos & Lindgren 2017) . In case of preoperative intraretinal cystoid changes (Fig. 2) and in case of combined surgery with cataract removal, patients and surgeons should be aware of the higher risk for postoperative intraretinal cystoid changes. Possibly, additional concomitant intravitreal antiinflammatory therapy, such as triamcinolone, may reduce this risk. Leitritz et al. (2014) focused on foveal surface symmetry analysis in their retrospective study, with significantly lower values for the BSS group. Beside that main outcome they stated comparable vision results for BSS and air, but with more improvement in VA in the air group (not significant difference between air and BSS). We found improvement in VA in both groups, but did not perform detailed statistical analysis regarding VA, because the proportions of patients with combined surgery, pseudophakic and phakic patients were not comparable. We did not randomize the status of the lens prior to surgery, because main goal of our study was randomizing characteristics of preoperative retinal morphology (retinal thickness and intraretinal cystoid changes). Leitritz et al. (2014) did not randomize for the lens status either, due to the retrospective study design; therefore, outcomes of statistical analysis of VA results should be handled with care. A surprising result when analyzing postoperative intraretinal cystoid changes among our patients having received BSS or air at the end of surgery was the trend for more postoperative intraretinal cystoid changes in the air group. When designing the study, we expected to have a beneficial effect due to short-term tamponing of the macula with air. Independent of that result, air limits vision for several days after surgery and is regarded as being somehow uncomfortable among our patients due to facedown positioning for 24 hr after macular surgery. Results of our prospective randomized study show no arguments against using BSS at the end of surgery.
The rather short follow-up period of 3 months is a limitation of our study, nevertheless in previous studies, we found minimal further improvement of vision after 4 years of follow-up, compared to 4 months after surgery (Leisser & Bartl 2004 , 2005 , so we believe that risk factors for postoperative cystoid changes can already be defined 3 months after surgery.
We excluded those two patients with pronounced inflammation from data analysis, as pronounced inflammation does not reflect the normal situation after 23G-ppv with membrane peeling, but should be rather regarded as a complication and could have impact on the postoperative results. One patient was in the air group and the other in the BSS group. Both patients did not have postoperative intraretinal cystoid changes and unfortunately, both did not improve with VA after surgery. Another complication was a peripheral localized retinal detachment that occurred during surgery, without involvement of the macula. This patient received SF6 tamponade, but was not excluded from analysis, as this patient was in the air group and no influence on the postoperative results could be expected. In 12 patients, endolasercoagulation or kryocoagulation of peripheral retinal breaks, found in the routine inspection of the peripheral fundus during surgery, was performed after peeling.
During surgery, we used continuous miSD-OCT for supporting surgeons with real-time information about macular pathology, changes in retinal structure due to the peeling procedure and for documenting successful removal of idiopathic ERM. In 56 patients, image quality was sufficient for evaluating whether an intraoperative subfoveal hyporeflective zone, a pathology induced by traction during peeling (Leisser et al. 2016 ), was present. Usually, intraoperative subfoveal hyporeflective zones disappear directly after resolving traction on the retina when ERM are removed. Presence of subfoveal hyporeflective zones among our study patients resulted in a higher number of patients with postoperative intraoperative cystoid changes 3 months after surgery. At that timepoint, postoperative subfoveal hyporeflective zones, usually occurring 3-4 days after surgery and being resorbed within further 3 days, are not present any more. There are reports about subfoveal hyporeflectance (Ray et al. 2011) , meaning a shallow subretinal zone and subretinal hyporeflectivity (Pichi et al. 2012 ) corresponding with a clinically visible 'cuff' of retinal detachment. In comparison to these findings, we previously reported about tent-shaped intraoperative subfoveal hyporeflective zones (Leisser et al. 2016) corresponding to traction during peeling and typically disappearing directly after ERM is removed. To our knowledge, there are no previous reports about outcomes of patients having had intraoperative subfoveal hyporeflective zones during macular surgery. For statistical analysis, whether air-tamponade may be beneficial for those patients, a higher number of patients are needed.
Concluding, there is evidence that preoperative intraretinal cystoid changes lead to smaller benefit from surgery. Air, combined phacoemulsification with 23G-ppv and membrane peeling and intraoperative subfoveal hyporeflective zones show a trend for a higher risk for postoperative intraretinal cystoid changes, but should be further assessed with higher patient numbers. 
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